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FOUR FIGURES 
TXTROT)UCTTON 
The oviduct of a laying hen is divided into five main parts, 
readily distinguishable by gross observation. Beginning a t  the 
cranial end of the organ these parts, in order, are: (a) the 
infundibulum, or funnel, (b) the albumen secreting portion, (c) 
the isthmus, (d) the uterus or ‘shell gland’ and (e) the vagina. 
Each of these parts is generally supposed (teste the existing liter- 
ature) to play a particular and exclusive r61e in the formation 
of the protective and nutritive envelopes which surround the 
yolk in the complete egg as laid. Thus the funnel grasps the 
yolk at the time of ovulation; the glands of the albumen region 
secrete the different, sorts of albumen (thick and thin) found in 
the egg; the shell membranes are secreted in the isthmus; and 
finally the glands of the uterine wall secrete the calcareous shell. 
This is in brief the classical pictureof the physiologyof theoviduct. 
The gross anatomical appearance and relation of the several 
parts of the oviduct of the fowl are shown in fig. 1. 
I’npers from t h t  Biological Laboratory of the Maine Experiment Station, 
KO. 33. The previous papers in this series of ‘Studies on the Physiology of 
Reproduction in the Domestic Fowl” are. 
i .  Rcguiabiun in rhcrnorphogenetic activityof the oviduct. Jour. Exp. Zool., 
vol. 6, pp. 339-359, 1w9. 
11. I h t a  on the inheritance of fecuridity obtained from the records of egg pro- 
duction of the daughters of ‘200-egg‘ hens. ilI:tinc Agricxltnral Experiment 
St ation, Annual Report for 1909, pp. 49-84, 
Xological Ihdletin, vol. 17, pp. 
wrtain factors influencing thc fertility and hatching of eggs. 
f incomplete hermaphroditism. 
ine Agricultural Ekprrimerit St:ttion. Annual Report for 1900, pp. 105-104. 
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Fig. 1 Photograph of a hen’s oviduct which has been removed, slit longitudi 
nally throughout its length and opened out flat in order to show the gross anatomy. 
In order to  get the whole duct on the photographic plate it was necessary to tran- 
sect it a t  about the middle. A,  the infundibulum. Note muscle fibers in wall 
and absence of any extensive gland development. B, albumen secwting portion; 
note heavy glandular development. The albumen portion ends and the isthmus 
begins a t  z. The line of demarcation is very distinct in the freshly prepared ovi- 
duct. C, the isthmus. D, the uterus or shell gland. E’, the vagina; about one- 
third natural size. 
PHYSIOLOGY O F  THE OVIDUCT I 0 1  
For some years past experiments and observations have been 
systematically carried on in this laboratory with the object of 
acquiring a more extended and precise knowledge of the physi- 
ology of the hen’s oviduct than is to be gained from the literature. 
It is the purpose of this paper to present a certain part of the 
results obtained bearing upon the physiology of two of the lower 
(caudal) morphological divisions of the duct, namely, the isthmus 
and the uterus. Our results indicate that these portions of the 
oviduct perform certain functions which have not hitherto been 
observed or described. 
So far as we are able to learn from the existing literature the 
opinion has been held by all who have worked upon the subject 
that the particular functional activity of each portion of the 
oviduct (as above described) is limited to that portion. Thus 
it is commonly held that when an egg in its passage down the 
oviduct leaves the albumen portion it has all the albumen it will 
ever have; when it leaves the isthmus it has all its shell mem- 
branes; and when it leaves the uterus all its shell. On this pre- 
vailing view there are in the albumen portion only albumen 
secreting glands; in the isthmus only membrane secreting glands ; 
and in the uterus only shell secreting glands. We were first led 
to doubt the entire adequacy of this assumption by the observa- 
tion, frequently made in connection with routine autopsy work, 
that eggs in the isthmus with completely formed shell membranes, 
and eggs in the uterus bearing in addition to the complete shell 
membranes a partially formed shell, weighed considerably less 
than the normal average for laid Barred Plymouth Rock eggs. 
This observation led to an inquiry as to whether (a) this apparent 
lower weight of presumably completed, but not laid eggs, as 
compared with those which had been laid, was a real phenomenon 
of general occurrence, and (b) if so, to what it was due. Does 
the egg increase in weight after the formation of shell membranes 
and shell merely by.the absorption of water, or by the actual 
addition of new albumen? These are the problems with which 
the present paper has to do. 
We may now turn to the consideration of the observational 
and experimental data. 
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THE DISTRIBUTION OF THE DIFFERENT KINDS OF ALBUMEN IN 
THE EGG 
In the normal egg of the hen there are certainly three and 
possibly four different albumen layers which can easily be dis- 
tinguished on the basis of physical consistency. These are: 
(A) the chaZaxiferous Eager. This is a thin layer of very dense 
albuminous material which lies immediately outside the true 
yolk membrane. It is continuous at the poles of the yolk with 
the chalazae, and is undoubtedly found in connection with those 
structures. It is so thin a layer that it might well be, and often 
has been, taken for the yolk membrane. (B) The inner layer 
of $uid (thin) albumen. This layer is only a few millimeters in 
thickness and there is some doubt as to its existence as a sep- 
arate, distinct layer. This is the layer 
which makes up the bulk of the ‘white’ of the egg. It is com- 
posed of a mass of dense, closely interlaced albumen fibres, with 
some thin fluid albumen between the meshes of the fibrous net- 
work. The dense albumen as a whole will not flow readily, but 
holds itself together in a flattened mass if poured out upon a 
plate. (D) The outer layer of Jluid albumen. This is the prin- 
ciple layer of thin albumen, which makes up the fluid part of 
the ‘white’ observed when an egg is broken. 
Three of these layers, A, C, and D are readily demonstrable 
and there can be no question whatever as to their existence. 
Regarding the existence of B as a separate and distinct layer 
there is more doubt. Gadow2 definitely asserts the existence of 
such a layer in the following words: “Dicht auf der Dotterhaut 
befindet sich eine diinne Lage des Aussigen Eiweisses.” It is 
possible that what has been taken by previous observers to form 
this layer B is only a little thin albumen squeezed out of the 
meshes of the dense layer (C) when the egg is broken. 
Let us now consider the distribution of the different sorts of 
albumen in eggs at  different stages in their passage down the 
oviduct. The following extracts from autopsy protocols are to 
the point here. 
(C) The dense albumen. 
Gadow, H’., Vogel (Anatomischer Theil); in Bronn’s Klassen und Ordnungen 
des Thier-Reichs. Leipzig, 1891, p. 869. 
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Autopsy  hTo. 370. Hen No. 952. March 19, 1910 
Egg found in the albumen portion of the oviduct 11 cm. in 
front of the cranial end of the isthmus. This egg consisted of 
a yolk surrounded by thick albumen (layer C) but with no trace 
whatever of the albumen layer D. Not yet having entered the 
isthmus the egg lacked a shell membrane. 
Autopsy  No. 532. Hen No.  4.ZO. December 22) 1909 
This case was similar to that just cited. Here an egg was in 
the albumen portion of the duct with its caudal end 6 em. in 
front of the cranial end of the isthmus. The egg consisted of 
yolk surrounded by dense albumen (layer C). There was no 
trace of the thin albumen (layer D) to be observed. The egg had 
no shell membrane. 
Autopsy  No. 366. Hen No. 276. March 18, 1910 
Egg in albumen portion of oviduct with its caudal end 4 em. 
in front of the cranial end of the isthmus. This egg had no shell 
membrane. The yolk was surrounded by thick albumen (layer 
C). The egg bore no trace of the thin albumen (layer D), even 
though it was only this short distance (4 em.) from the point 
where the ‘albumen secreting’ portion of the duct was finally 
to be left. 
Autopsy  No. 301. Hen No. E39. July 14, 1909 
When this bird was killed an egg was found at the lower endof 
the dbiiiiieii pioriiun of the oviduct just about to enter the isthmus. 
Not yet having entered the isthmus the egg had no shell membrane 
upon it. It consisted nierely of a yolk surrounded by albumen. 
The outermost layer of this albumen was dense and corresponded 
to layer C described above. There was no trace of thin albumen 
(layer D> on this egg although it was just on the point of leaving 
the so-called albumen region of the oviduct. 
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Autopsy No. 369. Hen  ATo. 1164. March 19, 1910 
Egg in the lower end of the albumen portion of the oviduct 
just at the point of entering the isthmus. This egg had no mem- 
brane. The yolk was surrounded by albumen layers A, B, and 
C. No trace of the outer thin albumen (layer D) was to be found. 
All these cases agree in showing that the egg does not receive the 
outer layer of thin JEuid albumen (layer 0) during i ts  sojourn in 
the so-called albumen secreting portion of the oviduct. While but 
five specific autopsy records are cited here it is only fair to say 
that this result is confirmed by all our experience with eggs in 
the albumen secreting portion of the oviduct. This experience 
covers many more than the five cases given here. These cases are 
chosen as particularly significant, however, because in them we 
have definite quantitative records of the exact location of the egg 
in the albumen portion. The successive autopsy records show 
that beginning with an egg 11 em. away in front of the isthmus 
and going downwards in the duct until the actual boundary of 
the isthmus is reached, there is no qualitative change in the albu- 
men secretion. Whatever albumen is added to the egg inime- 
diately prior to the formation of the shell membrane, is of the 
dense fibrous variety (layer C), so far as direct observation indi- 
cates. The fact that there is no thin albumen on the egg when 
it enters the isthmus is shown in fig. 2. In  this figure A shows an 
egg of hen No. 8018 which was removed from the upper part of 
the isthmus. The thin membrane which had been formed was 
removed; the egg placed in a Petri dish and photographed. For 
comparison a normal laid egg from hen SO18 was broken into a 
Petri dish in the same way. Its photograph is shown in fig. 2, B. 
I t  is at once apparent that there is a great difference between the 
two eggs in respect to amount and consistency of albumen. In  
the egg which had just, left the albumen portion of the oviduct 
(egg A )  the albumen is of firm consistency and retains its shapc, 
forming a compact mass about the yolk. In  the laid egg (egg N) 
the albumen is much thinner, and does not hold its shape, bnt 
fbws out over the bottoni of the dish. 
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Crucial evidence is here afforded by those cases occasioaally 
to be observed, where the egg is just entering the isthmus, and 
has one end in the albumen portion of the duct and the other end 
in the isthmus. It mas first pointed out by Coste3 that the forma- 
tion of the shell membrane at  tlie upper end of the isthmus is a 
discrete process. That is, as the end of the egg advances from 
tlie albumen portion into the isthmus, membrane is deposited 
upon it. The membrane is complete over the whole egg only 
after the egg has entirely passed into the isthmus. This account 
of membrane deposition we have confirmed by direct observation 
in this laboratory. Now in cases where one-half of the egg lies 
within the isthmus and bears a membrane while the other half 
is in the albuineii portion and has no membrane it can plainly 
be seen that the shell membrane is  deposited direcily o n  the outer 
surface of the thick albumen (layer C )  and that no trace of the thiri 
albumen (layer 0) i s  present at the tirne the membrane i s  .formed. 
It might be contended that the thin albumen which is to form 
layer D is really present at the time the membrane is deposited, 
but that instead of forming a separate outer layer i t  is held by 
adhesion or otherwise within the nieshes of the fibrous network 
of the dense albumen of layer C. On this view it niight be sup- 
posed that this more fluid albunien passes out of the network to 
form a definite and separate layer a t  some time after the mem- 
brane is laid down. This contention, however, cannot be correct, 
because, as will be demonstrated in the next section of the paper, 
the egg does not have its full complement of albumen by weight 
at the time when the shell mernbrane is formed. The fluid 
albumen of layer D should weigh just as much, whether in the 
iiiterstices of a fibrous meshwork, or forming a separate layer. 
Yet the facts show that after a thin albumen (layer 0) has been 
visibly formed the egg contains by weight about 50 per cent more 
albunien than it did before this layer was visibly formed. 
8 Costc, M., Histoire d u  dbveloppement des corps organis&, tome 1, p. 295, 1847, 
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THE PROPORTIONATE WEIGHT O F  YOLK AND ALBUMEN IN EGGS 
I N  DIFFERENT STAGES OF FORMATION 
Having learned by direct observation, as set forth in the 
preceding section that the egg as it enters the isthmus does not 
visibly bear the outer layer of thin albumen, the next step in 
the analysis is to determine whether the amount of albumen (by 
weight) in the egg definitely increases during its sojourn in the 
isthmus and uterus, and if so to what extent. In  order to do this 
it is necessary to take eggs a t  successive intervals after they have 
entered the isthmus, separate and weigh yolk and albumen each 
by itself, and then compare the weights so obtained with the 
weights of yolk and albumen in normal, completely formed and 
laid eggs produced by the same individual birds. Experiments 
of this kind we have carried out with the results described in 
this section of the paper. 
It should be said that the technique followed in the separating 
and weighing of the eggs to furnish these data is that described 
by one of the authors in another place.* 
Table 1 gives data regarding the weight of yolk and albumen 
in eggs which have completed their passage through the albumen 
secreting portion of the oviduct, and have advanced varying 
distances into the isthmus and shell gland. The data here given 
are extracted from the more detailed table exhibited in the Appen- 
dix of this paper. 
The plan of table 1 is to compare the weights of the parts of 
a series of eggs taken from different levels of the oviduct with the 
weights of the same parts in normal laid eggs of the same birds. 
Owing to the considerable individual variability in the weights 
of eggs it is only by such comparisons as this that reliable results 
may be reached. To determine the means for the normal laid 
egg varying numbers of eggs were used in different eases. In  
one instance (item 3) only one laid egg was available for eompari- 
son. In  all other cases the mean of two or more complete nor- 
mal, laid eggs are used. It will be noted that in somecases 
4 Curtis, M. R., Annual Report Xttine hgriculturztl Experinierit Station, 1911, 
pp. 93-112. 
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(items 3,4, 6, 9, and 15) the weights are given only to one decimal 
place (tenths of a gram). These were eggs studied in the early 
stage of the investigation, and mostly are cases in which the data 
were taken in connection with other studies in progress in the 
laboratory, for which finer weighing was not essential. These 
cases are to be regarded as giving a much rougher sort of data 
than the others tabled, where the weighings are accurate to 
hundredths of a gram. In no instance, however, does one of 
these ‘rough’ cases stand alone. That is, there are one or more 
eggs for which finer weighing are tabled from each of the levels 
of the oviduct wherefrom a roughly weighed egg was taken. 
These ‘rough’ cases then serve merely to confirm evidence ob- 
tained froin more precise weighing. All differences in the table 
are given the + sign when the oviduct egg or its part is greater 
than the laid egg or its part. The differences are taken - when 
oviduct egg or its part is smaller. The last column of the table 
gives the percentage which the weight of albumen in the oviduct 
egg a t  the specified level is of the mean total weight of albumen 
in the normal laid egg of the same bird. This last column then 
shows directly what proportion of the total albumen which the 
egg is to have has been laid down at  each specified level of the 
oviduct. 
From table 1 the following points are to be noted: 
1. When the egg leaves the albumen portion of the oviduct it 
weighs roughly only about half as much as it does when it is 
laid. Nearly all of this difference is in the albumen. Thus these 
weighings fully confirm the conclusion reached from direct exam- 
ination of the eggs, as described in the preceding section. The 
evidence thus far presented shows that the egg gets all of its thin 
albumen (layer D), which constitutes nearly 60 per cent by weight 
of the total albumen, only after it has left the supposedly only 
albumen secreting portion of the oviduct, and has acquireda 
shell membrane, and the shell is in process of formation. The 
fact that the egg increases considerably in size after it enters the 
isthmus is obvious from simple visual comparison of egg from this 
region of the oviduct with normal laid eggs of the same bird even 
though no weights whatever are taken. 
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TABLE 1 
Data showing the increase in absolute and relative weight o.f albumen after the egg 
has pusscd throuqh the so-call& albumen scweting part of t h p  oviduct 
84.4 
190.8 
pi_ 
c? 
E. 
E. 
43.5 
1 grams 
1. At raudal end of albu- 
men portion. S o  mcm- 
brane (Hcn Stta9) 27 20 
Mean of the four previ- 
ously laid eggs of same 
hen . . . . .  57 57 
-I", _" 
. _- 
105.2 
DifIerence. . . . . . . . . . . . . .  i -30.37 
2 .  A t  caudal end of albu-j 
men portion. NO mem-/ 
brane (Hen 8005).. . . . . .  . I  
Mean of the nine pre-! 
viously laid eggs of samej 
hen . . . . . . . . . . . . . . . . . . .  . _ I  52.81 
Difference.. . . . . . . . . . . .  . I  -23.28 
____________..______ 
29.53 
_ - - _ _ _ _ ~  __ -___ 
51.5 
3. Just entering isthmus, 
little cap of membrane 
on caudal tip. (EIeni 
1293) 29 5 
Mean of two previously 
laid eggs of same hen 
4. Entering isthmus. Cov- 
ered with membrane ey- 
eept for a little of crani- 
a1 tip. (Hen 266E') 31 0 
Normal egg laid by hen 
51 0 same day 
-20 0 DliiTctelrue 
5. Entering isthmus. 
Covered yith mcmbranr 
except for alittle of crani- 
Atean of the four prr- 
56 25 __-____ _-_________. ~- 
Difference . -26 75 __ ~ - 
~~ __-__ 
~ _ _  _- 
a1 tip. (Hen 8027) 32 44 
grams 
0 
6.23 
-0.23  
0 
5.79 
-5. 79 
0 
9 .0  
9 0 0  
.- ~ 
6 0  
0.24 
vionsly laid eggs of same 
hen 54 69 5 76, 
Diff c re n c c -22 25 -5  52 
__ ~ _ _ _ _ _ _ _ _ ~ _ _   - 
I* 
E M  u:: 
g b  
grams 
15.38 
16.79 
-1 41 __ 
15 87 
15 67 
+o 20 
__ 
16.0 
16.25 
-0.25 
14.5 
14.0 
i -2.5 
15.69 
16 87 
-1.18 
grams 
11.82 
34.55 
-22.73 
- ... 
13.66 
31.34 
-17.68 
16.51 
32.07 
-15.56 
205 8 1 
~ - .  
-128 9 ~ 
86.1 43.6 
200.0 I - - ~ _ _ _  -  
-113.9 1 
-106.4 1 
..... 
I 
- _  190 3 I 
I 
-85 0 
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9. Two cm. above caudal! 
end of isthmus. (Hen1 
Mean of two previouslyj 
416) . . . . . . . . . . . . . . . . . . .  ., 31.0 
laid eggs of same hen. . . .  ~ 47.5 
->-- 
TABLE I--Continued 
2.0 
7.0 
10. I n  lower pa,rt of isth-/ 
mus. (Hen 8010) ....... ~ 30.00 0.53 
s z  O R
n a  
g g  p 
grams 
15.5 
32.25 
...... 
i grams grams 
6. In  upper par t  of isth-1 
mus. Membrane corn-! 
plete, but  thin. (Hen/ 
2554) . . . . . . . . . . . . . . . . . . .  32.0 
Mean of two previously 
60.5 
Difference . . . . . . . . . . . . . .  j -28.5 
7. In  upper par t  of isth-1 
mus. Membrane t,hin./ 
. . . . . . . . . .  28.33 0.28 (Hen 8008) 
Nean of the five previously, 
laideggsofsamehen.. . . I  50.20 ~ 5.54 
8.75 ~ laid eggs of same hen. . .  . I  
__.___ _ _ _ ~ ~  
1 
I ' " I  
-I-- 
93.9 
165.4 
-16.75 
15.48 
31.27 -
-15.79 
-3.0 
~ -_  _ _  
12.57 
13 39 
-0 82 
-71.5 
123.2 
233.5 L 
-110.3 Difference.. . . . . . . . . . . .  . I  -21.87 1 -5.26 
____I 
8. Three em. below begin-' i - 
ning of isthmus. Mem-, 
brane thin. (Hen 1367) , 32 08 0 39 
Mean of nine previously i 16.12 
15.70 
1 0 . 4 2  
96.6 
174.1 
-77.5 
56.9 15.57 
27.34 
-11.77 
laideggsofsamehen. . . . I  48.45 1 5.40 
Difference . . . . . . . . . . . . . .  I -16.37 I -5.01 ,- I- 
I_ __ 
-- - 
50 5 16.0 
14.75 
81.3 
174.6 
13.0 
25.75 - 
-12.75 
15.43 
30.06 
+1.25 
14.04 
15.72 
- -93.3 
109.9 
191.2 
Difference.. . . . . . . . . . . .  . :  -21.54 ~ -5.24 
mus. (ISenSO18) ....... .I 37.27 0.58 
laid eggs of same hen. . . .  i 60.10 ~ 6.63 
Difference.. . . . . . . . . . . .  .~ -22.83 -6.05 
11. I n  lower par t  of isth-I 
Mean of four previously, 
_________.__________I_______ 
-14 63 -__ 
20 32 
36 05 
-15 73 
-_I__ 
-__ 
-1.68 
16.37 
17.42 
-81.3 
124.1 
206.9 
-82.8 
____ 
-1.05 
6 This is too high a value, probably arising from errors in separation of yolk 
and white. These particular data  were taken before the refinement of method 
used in later studies had been worked out. 
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12. In uterus, but no shell 
found. Egg surrounded 
by fluid in uterus. (Hen 
8038 j ... 
Mean of four previously 
111 
grams 
43 93 
TABLE &-Continued 
iblc shell formed. (Hen 
8030). . .  
Mean of the six previously 
laid eggs of same hen 
Difference 
45 15 
59 22 
-14 07 
- -  
14. In uterus but no vis- 
ible shell formed. Some 
fluid in uterus. (Hen 
8033) . . . . . . . . . . . . . . . . . . .  
-Mean of two previously 
laid eggs of same hen. . . .  
Difference.. . . . . . . . . . . . .  
15. In uterus, small 
amount of shell formed. 
(Hen 1061 j .  . . . . . . . . . . . . .  
Mean of two previously 
46.67 
58.99 
- 12.32 
-. 
45.00 
laid normal eggs of same 
hen ..................... 
Difference.. . . . . . . . . . . . .  
49.26 
-5.60 
grams 
0.76 
6.76 
-6.00 
grams granw 
25 87 
36 39 
-10 52 
.- -.__ 
26 94 
35 66 
-8 72 
.___ 
17.30 149 5 
204 8 
-%5 3 
71 1 
_ _  17.77 
-0 47 
~- laid eggs of same hen. . . .  60.92 
Difference.. . . . . . . . . . . . .  -16.99 
0 96 
6 22 __ 
-5 26 
17.25 156.2 
205 7 
75.5 
17.34 
-0.09 
- ~- ._ 
-49 5 
__. _- 
139 4 
173 5 
-34 I 
- -  
-- 
19.13 26.66 
33.04 
-6.38 
__ 
80.7 0 88 
6 91 
-6 03 
4 50 
7 50 
-3 00 
19.04 
+0.09 
15.54 25 00 
28 75 
-3 75 
- 
161 3 
182 5 
-21 2 
178 7 
- _- 
__ - 
183 3 -- - 
-4 6 
87.0 
15.75 
-0.25 
52 00 
Difference .. 
1.35 
5 18 
-3 83 
- __ - 
15.18 
15.56 
27.13 
28.52 
-0.38 -1.39 
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Thus in fig. 3 are shown (1) a membane covered egg taken from 
the isthmus of the oviduct of hen No. SO18 shortly before it 
would have entered the uterus, and (2) two normal laid eggsof 
the same bird. The 
isthmus egg is the one a t  the extreme left in the picture. 
2. It is apparent from examination of the differences in the 
columns giving albumen weights and albumen-yolk ratios that 
in general the farther down the oviduct the egg proceeds the more 
albumen it gets. Very nearly one-half the total weight of albu- 
men of the completed egg is added in the uterus, an organ hither- 
to supposed to be entirely devoted to shell formation. Clearly 
very much more albumen is added to the egg in the uterus than 
in the isthmus. This, of course, does not necessarily mean any 
more rapid rate of secretion in the uterus, because of the time 
element involved. The egg stays much longer in the uterus than 
in the isthmus. 
3. This brings us to a consideration of the question of the rate 
of secretion of albumen in different positions of the oviduct. We 
have attempted to approach this problem by the graphical 
method. The results obtained are not to be regarded as highly 
accurate in respect to minute details. It is an exceedingly diffi- 
cult matter to get very precise data in the individual instances 
regarding time relations in the physiology of the oviduct. We 
must therefore depend upon average results. The attempt has 
been made in fig. 4 to show graphically the net average results 
from the data collected in this laboratory regarding the time taken 
in the passage of the egg through the several portions of the 
oviduct and the rate of secretion of albumen in the same portions. 
As a measure of the albumen is taken the percentage of the total 
albumen of the laid egg which has been acquired a t  each specified 
level of the duct. The time is plotted as abscissa, and the per- 
centage of albumen as ordinate. 
It is not possible to recount here in detail all the evidence on 
which the points in this diagram are based. It would involve 
the presentation of considerable material which has no direct 
bearing on the subject of the present paper. We shall, therefore, 
be obliged to state only briefly, and in some degree categorically, 
The larger size of the latter is obvious. 
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Fig. 4 Diagram showing what percentage of the total amount of albumen 
present in the normal laid egg of the domestic fowl is present a t  successive levcls 
in the oviduct. The smooth curve is the parabola for which the equation is given 
in the text. 
the manner in which the plotted points were determined. In  the 
first place it has been found in our work here that when a hen is 
laying regularly one egg per day ovulation occurs at approximately 
the same time as laying. That is the oacyte which will be laid 
as a completed egg tomorrow enters the infundibulum at the 
time when today’s passes through the vagina and is laid. This 
then is taken as a fundamental datum in the calculation of the 
rate of passage of the egg down the oviduct. 
The mean of all available observations made in this laboratory 
gives 3.2 hours as the time required for the passage of the egg 
through the ‘albumen portion’ of the oviduct. This includes the 
tolal time from the entrance of the egg into the infundibulurn to 
its entrance into the isthmus. This agrees very well with the 
statements of earlier workers6 who generally give the time spent4 
in the albumen portion of the duct as ‘about’ three hours. 
6 Cf. Lillie, F. R. The Development of the Chick. New York, 1908, pp. 23-25. 
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In regard to the time taken by the egg in passing through the 
isthmus our observations are far from agreeing with the state- 
ments on this point in the literature. Taking the mean of all 
available data 0.6 of an hour is found to cover the time during 
which the egg is in the isthmus. All our observations agree well 
amongst themselves, and we are convinced that this figure is 
substantially correct for the breed of fowls here used (Barred 
Plymouth Rocks). This is a much shorter time than earlier 
workers have estimated. Thus GadoT” says: “ Im Isthmus 
sol1 das Ei ungefahr 3 Stunden lang verweilen.” Lillie* gives 
the same estimate on the authority of Kolliker. Patterson9 who 
has published most recently on this matter, while reducing some- 
what the time for passage through the isthmus, still gives a value 
considerably higher than that found in the work of this laboratory. 
His statement is as follows (loc. cit., p. 105): “The writer finds 
that in a hen kept under normal conditions, the egg traverses 
the entire length of the oviduct in about twenty-two hours. 
The time occupied in the different portions of the oviduct is as 
follows: Glandular portion, three hours; isthmus, two to three 
hours; uterus and laying sixteen to seventeen hours.” With all 
parts of this statement except that relating to the isthmus our 
results are in entire agreement. At an early stage of the studies 
in this laboratory on the physiology of the oviduct we were of 
the same opinion as Patterson as to the time taken in passing 
through the isthmus. More extended observations, covering 
a fairly wide range of conditions has convinced us that, as 
already stated, the egg normally takes less than one hour in 
passing through the isthmus. It is, of course, possible that 
there are breed differences in respect to the time the egg stays in 
the isthmus, and that Barred Plymouth Rocks are strikingly 
exceptional in this regard but this hardly seems probable. It is 
more likely that the estimate of earlier workers has been somewhat 
too large. 
Gadow, H., loc. eit., p. 872. 
* Loc. cit. 
9 Patterson, J. T., Journal of Morphology, vol. 21, pp. 101-134, 1910. 
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As stated in the preceding paragraphs the points on the time 
or abscissa1 axis represent the mean or average results of fairly 
extensive experimental data, some of which are not included in 
the present paper. Now we may consider the determination of 
the points plotted as ordinates. At the outstart it should be said 
that no observations have yet been made on the rate of secretion 
of albumen at different levels of the ‘albumen portion’ itself. 
Therefore from the zero point at  ‘ovulation’ when the naked yolk 
enters the infundibulum to the beginning of the isthmus we have 
connected the points with a dotted line to indicate that in this 
region no direct observations are available. The first plotted 
point (40.4) at the beginning (cranial end) of the isthmus is the 
mean albumen percentage of three eggs which were taken from 
this point in the duct. The next point plotted is the mean albu- 
men percentage (50.6) of four isthmus eggs which were taken from 
the upper part of the isthmus. The next point (53.8) is the mean 
albumen percentage of four isthmus eggs taken from the lower 
part of the isthmus. The last six points are based on the observ- 
vations of single eggs which have been in the uterus the indicated 
length of time. 
The smooth curve which graduates these observations is the 
parabola 
y =: 17.5915~ - 0 . 8 1 7 1 ~ ~  - 0.4164, 
in which y denotes percentage of albumen and x time in hours 
during which the egg has been in the oviduct. The origin of x 
is taken at 0 (ovulation). The parabola was fitted to the observa- 
tions by the method of least squares. 
The diagram shows clearly that there is scarcely any diminu- 
tion in the rate of secretion of albumen until nearly the t,otal 
amount has been acquired by the egg. There is not the slightest 
evidence of any break in the rate of secretion of albumen after the 
egg leaves the so-called ‘ albunien portion’ of the duct. From the 
time the yolk enters the upper end of the ‘albumen portion’ there 
is a gradual diminution of the rate of secretion of albumen, giving 
rise to the parabolic curve. But plainly there is no sudden 
change. The egg gets more than half of its total albumen after 
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it leaves the ‘albumen portion’ of the duct and it takes this a t  
nearly the same rate as it did the earlier part. 
It is of interest to  note the similarity of this curve showing the 
rate of increase of albumen in the formationof the individual 
egg to the curve previously published by one of the writers1* 
for the increase in weight of egg (which is quite closely corre- 
lated with amount of albumen) with increasing amount of yolk, as 
measured by number of yolks. 
4. It will be noted that the differences in the column headed 
‘weight of yolk’ are in the majority of cases negative. In other 
words, in these instances the yolk of the laid egg is heavier than 
the yolk of the oviduct egg. Now, of course, yolk as such is not 
added during the passage of the egg down the oviduct. This 
being so one would expect that in the long run the yolk of any 
given laid egg would be as often in defect as in excess of the weight 
of the yolk of any given oviduct egg. There is some indication 
that this is not strictly true, but that the ‘laid’ yolk tends to be 
heavier. Such a phenomenon would be in accord with the fact 
definitely demonstrated by Greenlee,’l in his study of cold stor- 
age eggs, that in the normal, unboiled egg there is a continuous 
transfer of water from albumen to yolk by osmosis. Certain of 
iMiss Curtis712 earlier results had suggested that this was possibly 
the case. 
THE ABSOLUTE AND RELATIVE AMOUNT OF’ NITROGEN IN THE 
ALBULMEN OF EGGS I N  DIFFERENT STAGES OF FORMATION 
While the two lines of evidence presented in the preceding sec- 
tions of the paper amply demonstrate that the thin albumen 
it8 seemed advisable, because of the novelty of the results to col- 
lect still further evidence of another kind. This evidence, which 
will be set forth in the present section of the paper, has to  do with 
iq tldded tc? the egg 2fter it leare:: the a!bumzn portisa of the diict, 
l o  Pearl, R., Zoologischer Anzeiger, Bd. 35, pp. 417423,1910. 
k1 Greenlee, A. D., U. S. Department Agriculture Uiireau of Chemistry, Cireu- 
12 Curtis, M. R., loe. cit. 
lar 53, pp. 1-7, 1911. 
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tkie nitrogen content of the albumen in eggs taken from different 
levels of the oviduct. Not only do these chemical data confirm 
the results obtained from the other lines of evidence, thus demon- 
strating still more thoroughly and conclusively the main point 
under discussion, but they also throw light on certain matters 
which could not be elucidated by other than chemical methods of 
attacking the problem. 
The analytical work on which the data of this section are based 
was performed in the Department of Chemistry of the Maine 
Experiment Station, by Mr. H. H. Hanson, Associate Chemist. 
It is a pleasure to express our obligation to him for coming to the 
aid of the present investigation in this way. 
It should be stated that the nitrogen determinations were made 
by the modified Kjeldahl method, as used by the Association of 
Official Agricultural Chemists. 
The chemical data are exhibited in condensed form in table 2. 
The complete figures for the same eggs are given in table A of the 
Appendix. 
It is evident that the data set forth in table 2 confirm the re- 
sults previously obtained. Thus, to consider first moisture con- 
tent of the albumen, it is seen that the albumen of the normal laid 
egg contains between 87 and 88 per cent of moisture (mean 87.40). 
This value agrees very well with those obtained by Willard and 
Shawl4 and Penningt0n.1~ But when the egg enters the uterus 
its albumen has a water content of only about 80 per cent. Or, 
the albumen of the egg at this level of the oviduct has by actual 
weight some 15 grams less water than the laid egg. The longer 
the egg stays in the uterus the ‘thinner’ the albumen becomes 
(cf. hen 387 in the above table), i.e., the higher its water content. 
This, of course, is the same thing which has been shown above, 
namely, that most of the thin albumen is added in this region. 
The percentage content of the albumen in nitrogen brings out 
again the same point. From a nitrogen content of about 4 per 
l4 Willard, J. 1’. and Shaw, R. H., Iiansas Agricultural Zxperiment Station, 
l5 Pennington, M. E., Journal of Biological Chemistry, voi. 7, pp. 109-132, 1910. 
Bulletin 159, pp. 143-177, 1909. 
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cent at  the upper end of the isthmus, the relative amount of this 
element in the albumen diminishes steadily till the egg is laid. 
The point of greatest interest and importance in connection 
with these chemical data, hinges upon the absolute amount of 
nitrogen in the albumen. Since it is solely the thin albumen 
layer which is added after the egg leaves the albumen portion of 
the oviduct the possibility is at once suggested that what happens 
in the lower portions of the duct is not a true secretion of another 
albumen layer but merely a taking up of water from the blood 
by osmosis, and a dilution or partial solution of the dense albumen 
already present. Such a view assumes in other words that all 
that is added to the albumen after the egg enters the isthmus is 
water. 
Clearly the only way to test finally the validity of this idea is to 
carry out such chemical determinations as are tabled above. 
The last column of table 2 shows the available evidence, which 
appears reasonably clear in its significance, though because of 
the minute absolute amount of nitrogen in the white of an egg 
the case is not a simple one. What the figures from the analyses 
of thirteen oviduct eggs show is that with four exceptions, the 
oviduct egg has absolutely less nitrogen in its albumen than the 
normal laid egg of the same hen. This, of course, is what would 
be expected if there is an actual secretion of albumen by the glands 
of the oviduct, and this secretion is added to the egg. It means 
that these oviduct eggs have been removed before they received 
their full amount of albumen. If it were the case, on the contrary, 
that only water was added to  the egg after it left the albumen 
portion of the duct, it would be expected that the amount of 
nitrogen would be the same in an oviduct egg from the isthmus or 
uterus as in the normai iaid egg. The chemical data clearly indicate 
that there is  a definite addition of albumen to the egg in the isthmus 
and shell gland, and that the thin albumen layer does not represent 
solely a dilution of the dense layer. 
The four cases in which the analyses furnish an exception to this 
rule are undoubtedly to be explained as the result of fluctuation 
in the absolute size of the egg. It will be noted that each of these 
four eggs have been in the uterus some time and would therefore 
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79.45 
87.44 
TABLE 2 
17.003( 
33.6531 
Data showing the relative and absolute amounts of nitrogen i n  the albumen of eggs 
taken f rom di$erent levels of the oviduct, and in normal laid E __ 
In lomcr par t  of ist.hmus. (Hen 
8018).. , . , . . . . . . . . . . . . . . . . . . . .  
Mean of normal laid eggs of same 
At  caudal end of albumen por-/ 
I tion. No membrane. (Hen1 
Mean of normal laid eggs of/ 
8005).. ...................... ., 13.66 
20.32 
same hen. .  . . . . . . . . . . . . . . . . . .  ./ 31.34 
Difference.. . . . . . . . . . . . . . . . . .  .I-l7.68 
pp.p______________-- 
. /-- 
-7.99 I-16.650( 
I 
I 
4 13 
1 98 
+2 15 
3 78 
2 0 0  
+1 78 
________ 
3 0 4  
1 78 
+l 26 
3.47 
2 06 
- - 
-__ 
+1.41 
3.30 
1.90 
___ 
+1 40 
3.34 
1 89 
_ _  - 
+1.45 
0.5635 
0.6188 
-0.0553 -~ 
0.6233 
0.6381 -~ 
-0.0148 
0.6515 
0.6860 -- ~ 
-0.0345 
0.5372 
0.6407 
-, 
-0.1035 
0.5092 
0.5894 
I_-
-0.0802 
0.6756 
0.6960 
-0.O2O4 
13 In calculating the absolute amount of nitrogen in the normal laid eggs the 
mean albumen weight for the whole number of such eggs available for each hen 
has been used. 
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In  uterus, but no shell formed. 
Egg surrounded by fluid in 
uterus. (Hen8038) ............ 
In uterus, but  no visible shell! 
formed. (Hen 117). . . . . . . . . . .  .I 18.841 1 79.58 
Normal laid egg of same hen. . . . .  34.419 ~ 87.46 
Difference.. . . . . . . . . . . . . . . . . .  . i a i T  
- 
I 
I 
25.87. 
In  uterus, but no visible shell 
formed. (Hen8030). . . . . . . . . .  
Mean of normal laid eggs of same 
Difference.. . . . . . . . . . . . . . . . . .  ./-10.52 . 
I 
26.94 I 
Difference .................... I -8 72 
In uterus, but no visible shell1 I 
formed. Some fluid in uterus. 
(Hen8033) .................... 26.66 I 
hen .......................... . /  33 04 
Mean of normal laid eggs of same, j 
Difference.. . . . . . . . . . . . . . . . . .  . I  -6.38 I 
_I_____ ___._ __ - - . 
In  uterus, small amount of shell.1 1 
(EIen200) . . . . . . . . . . . . . . . .  . . . . . I  21.371 I 82.89 
Normal laid egg of same hen. . . .  . I  27.608 I 86.80 
Difference.. . . . . . . . . . . .  6237 1 -3.91 
In uterus. Small amount of/ I 
shell. (Hen 387). . . . . . . . . . . . .  .I 29.96651 86.62 
Xormal laid egg of same hen. . . .  . I  34.93051 87.89 
_ _ _ ~  
- /Z.---,-- 
Difference.. . . . . . . . . . . . . . . . . . .  
In uterus. Some shell formed. 
Mean of normal laid eggs of same/ 
:9enzc2:) . . . . . . . . . . . . . . . . .  . . _ I  21.16 I 
i 
I hen . . . . . . . . . . . . . . . . . . . . . . . . . . .  28.52 1 
Difference . . . . . . . . . . . . . . . . . . . .  -1.39 I 
- - - ___- 
_ _ _ _ _ _ _ _ _ _ ~  
I 
1 1.78 / 0.6492 
+l.00 1 $0.0687 
2.50 I 0.6727 
I 
17.7154 2.51 1 0.5371 
23.96271 1.88 1 0.5197 
-6.2473 f0.63 j +o 0174 _ _ _ _ _ ~ _ _ _ _ _  --- _ _ _ _ _ _ _ ~  
i 2.07 I 0.5616 
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have received nearly their full amount of albumen. I t  can 
readily be seen that if the oviduct egg happens to be an excep- 
tionally large one, relative to the other eggs of the same bird, it 
may have a slightly greater absolute amount of nitrogen though 
not yet laid, than another relatively or absolutely smaller laid 
egg taken for a control. It seems quite clear, in the light of data 
collected in this la,boratory on the fluctuation in size and proportions 
of the parts of eggs16 that this is the correct explanation of these 
apparent exceptions in the chemical analyses. It will be noted 
that in these four cases it is only the absolute amounts of nitrogen 
(and not the percentages) which furnish exceptions to the rule. 
Supplementary evidence 
There is available evidence of still other sorts to indicate that 
there is a real addition of albumen to the egg aft’er it leaves the 
so-called ‘albumen’ portion of the oviduct. In  the first place a 
histological study of the oviduct which has been made in this 
laboratory by Dr. Frank M. Surface1’ shows that histologically 
the same kind of glands which are found in the so-called albumen 
portion of the duct, are also found in the isthmus and uterus. 
The differences between the glands of the different regions are 
quantitative not qualitative . 
In removing eggs from the uterus it is frequently found that the 
egg is surrounded by a thin fluid which has evidently been secreted 
and is in process of being taken into the egg by osmosis. A case 
of this sort is described in the following autopsy record. 
Autopsy NO. 523. Hen 8038. Killed March 28, 1911 for data 
This hen laid a t  9 A.M. and was killed at  4.15 P.M., or 7+ hours 
after laying. There was an egg in the uterus. The uterus was 
much larger than the egg. When a cut was made in this organ a 
small amount of clear fluid flowed out. The cut was clamped off 
l6 Cf. 30. 1 of these ‘Studies,’ loc. eit. supra. 
l7 Reported at the Ithaca meeting of the ilmerican Society of Zoologists, Eastern 
Branch, December, 1910, but not yet published. 
PHYSIOLOGY O F  THE OVIDUCT 123 
and about 2 cc. of the fluid drained into a bottle. 
was analysed, the following being the chemist’s report : 
This fluid 
Amount taken: 1.9860 grams being all of sample. 
Nitrogen found: 0.22 per cent. 
From this record it is clear that the fluid taken up by the egg 
in the uterus, is far from being water. It carries more than a 
fifth of 1 per cent of nitrogen. In other words it is a dilute albu- 
men. 
That the egg does not take water from the blood by osmosis, 
and in this way dilute the dense albumen to form the thin is 
further evidenced by the fact, shownby Atkinslsthatin the domes- 
tic fowl the osmotic pressure of the blood is very considerably 
higher (nearly two atmospheres) than the osmotic pressure of the 
egg. In  any osmotic exchange under these conditions water 
would tend to pass from the egg to the blood and not in the other 
direction. 
SUMMARY OF RESULTS 
Putting all the evidence together, the following account of the 
processes by which the hen’s egg acquires its protective and 
nutritive coverings summarizes the results of the present study. 
Certain of these results are novel and others confirm the experi- 
ence of earlier workers. 
1. After entering the infundibulum the yolk remains in the 
so-called albumen portion of the oviduct about three hours and 
in this time acquires only about 40 to 50 per cent by weight of its 
total albumen and not all of it as has hitherto been supposed. 
2. During its sojourn in the albumen portion of the duct the 
eggs acquires its chalazae and chalaziferous layer, the dense 
albumen layer, and (if such a layer exists as a distinct entity, 
aboui which there is some cioubtj the inner Buld layer of albumen. 
3. Upon entering the isthmus, in passing through which portion 
of the duct something under an hour’s time is occupied instead 
of three hours as has been previously maintained, the egg receives 
its shell membranes by a process of discrete deposition. 
l8 Atkins, W. R. G., Scientific Proceedings of the Royal Dublin Society, vol. 12 
(N. S.) pp. 123-130, 1909. Cf. also Biochemical Journal, vol. 4, pp. 480484, 1909. 
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4. At the same time, and during the sojourn of the egg in the 
uterus, it receives its outer layer of fluid or thin albumen which 
is by weight 50 to 60 per cent of the total albumen. 
5. This thin albumen is taken in by osmosis through the shell 
membranes already formed. When it enters the egg in this 
way it is much more fluid than the thin albumen of the laid egg. 
The fluid albumen added in this way dissolves some of the denser 
albumen already present, and so brings about the dilution of the 
latter in some degree. At the same time, by this process of dif- 
fusion, the fluid layer is rendered more dense, coming finally 
to the consistency of the thin layer of the laid egg. The thin 
albumen layer, however, does not owe its existence in any sense 
to this dilution factor, but to a definite secretion of a thin albu- 
men by the glands of the isthmus and uterus. 
6. The addition of albumen to the egg is completed only after 
it has been in the uterus from five to seven hours. 
7 .  Before the acquisition of albumen by the egg is completed 
a fairly considerable amount of shell substance has been deposited 
on the shell membranes. 
8. For the completion of the shell and the laying of the egg from 
twelve to sixteen, or exceptionally even more, hours are required. 
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APPENDIX 
The following table gives in extenso the original data on which 
I t  should be said that the weights are in this paper is based. 
grams. 
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